It has long been recognized that the cloudy or lactescent serum occurring in certain diseases contains an abnormally large amount of neutral fat (1), though a quantitative relationship between neutral fat and lactescence has not been established. In the present investigation the ultracentrifuge has been utilized to study the suspended lipid particles which are responsible for such lactescence. By analyzing a variety of clear and lactescent sera having high concentrations of one or more lipid components the relationship of neutral fat to lactescence has been verified and quantitatively defined.
It has long been recognized that the cloudy or lactescent serum occurring in certain diseases contains an abnormally large amount of neutral fat (1) , though a quantitative relationship between neutral fat and lactescence has not been established. In the present investigation the ultracentrifuge has been utilized to study the suspended lipid particles which are responsible for such lactescence. By analyzing a variety of clear and lactescent sera having high concentrations of one or more lipid components the relationship of neutral fat to lactescence has been verified and quantitatively defined.
METHODS
Serum lipids were determined before and after the removal of the suspended lipid particles by flotation in the ultracentrifuge. The technique of Van Eck, Peters, and Man (2) was modified as described below to permit the more complete separation of the lipids present as visible particles from the lipids present in clear solution. The particulate lipids which caused turbidity and were removed by centrifugation shall be referred to as "insoluble" lipid, while the lipids present in the clear subnatant after centrifugation shall be designated "soluble" lipid. The visual appearance of the serum was thus the criterion used in determining the state of solubility. No effort was made to classify the differential flotation characteristics of the lipids, the ultracentrifuge being used simply to remove the particles causing turbidity. Although no measurement of particle size was made, it is assumed that the insoluble lipids ranged from 0.1 IA in diameter, the size just sufficient to scatter light (3), to 1 1A, the size of the larger chylomicrons. Duplicate 5 ml. portions of undiluted serum, in no instance more than 24 hours old, were measured accurately into two 13.5 ml. lustroid tubes. The serum was spun for one hour at 18,000 rpm (about 20,000 g.) at room temperature in a Spinco Model L Preparative Ultracentrifuge. After centrifugation the insoluble matter was visible on top as a buttery yellow layer in very lactescent serum, and as a faint white film in,clear or slightly lactescent serum. The clear subnatant serum was removed from the bottom of each tube by piercing the "cream" layer with a No. 17, 2-% inch needle, and inserting through this a long No. 20 needle to which was attached a Van Slyke pipette with a Luer-adapted tip.
An exact quantity of the subnatant fluid was withdrawn into the pipette, leaving the "cream" layer floating undisturbed on top of the remaining serum. As the subnatant fluid was removed, exquisite care was taken to keep the tip of the outer needle just below the "cream" layer. In this way the fatty material which adhered to the outer needle was excluded from the clear subnatant fluid.
When the serum was moderately or grossly lactescent, the original serum and the clear subnatant fluid obtained after centrifugation were analyzed for lipids. The insoluble lipids were calculated by subtracting the lipids of the clear subnatant fluid from those of the original serum.
When the serum was clear or slightly lactescent and the anticipated difference between the original serum and the subnatant fluid was small, exactly 3 ml. of the subnatant fluid were removed from the bottom of the tube, and the "cream" layer was resuspended in the remaining 2 ml. of serum by gentle agitation of the lustroid tube. Any lipid adhering to the wall was scraped off and resuspended in the solution using the No. 17 needle as a stirring implement. This suspension was flushed in and out of the pipette-needle apparatus to insure complete mixing of the insoluble fat with the remaining subnatant fluid. In this way all the particulate lipid originally present in 5 ml. was concentrated in 2 ml. By subtracting the lipid values of the subnatant fluid from those of the "cream" suspension and multiplying the difference by two-fifths, the concentration of the insoluble lipids in the original serum was calculated. In the interests of uniformity all results were expressed as concentrations in the original serum (equal to the sum of the soluble and insoluble lipid) and in the clear subnatant, the difference between the two being the insoluble lipid. Although the differences appear small in the case of clear sera, they have added reliability because they are derived from the differences actually measured, which were over two times as great.
The accuracy of this method depends on the uniformity of distribution of lipids in the clear subnatant serum. Van Eck, Peters, and Man (2) found no consistent variation of lipids or protein of clear sera at different levels of the centrifuge tube. These findings have been essentially confirmed, with the exception that the 147 protein was from 0.1 to 0.3 gm. per cent higher in the subnatant than in the original serum. This layering did not affect the lipids, which were the same at different levels of the subnatant fluid.
In heavily lactescent sera, the separation of the insoluble lipids was not quite complete, since there was a zone of diminishing lactescence extending about one-third or one-half of the way from the top buttery layer into the tube. Thus in one lactescent serum in which the lipids were determined in the top buttery disc and in three equal layers of the subnatant from top to bottom, the concentration of neutral fat in the original serum was calculated to be 85. 6 Esterified cholesterol was calculated by subtracting the free cholesterol from the total cholesterol. When free cholesterol was not determined, a ratio of free to total cholesterol of 0.28, the average ratio of normal sera (4), was assumed in order to estimate the ester. In these instances the spaces under "free cholesterol" and "per cent free cholesterol" in the tables were left blank.
The estimation of neutral fat is subject to the combined errors of the other determinations. It is also based on the assumption that 20 per cent of the total phospholipids carry one fatty acid molecule, and 80 per cent carry two. Deviations from this distribution would contribute further error, but it is unlikely that such deviations are great enough to be of serious consequence. Another assumption which requires verification is that all fatty acids not accounted for as phospholipid or cholesterol ester are present as triglyceride (neutral fat). The possibility that a portion of the calculated "neutral fat" is present Cholesterol and lipid phosphorus are expressed in mg. per cent while total fatty acids and neutral fat are expressed in mEq. per liter, the terms in which they are actually measured.
In two instances the insoluble lipid was washed free of the subnatant serum by three-fold centrifugation with saline, and the lipid material so obtained was analyzed for lipids and proteins. Proteins were determined by the Kjeldahl method.
RESULTS
The sera fall into two rather clear-cut groups, designated "clear" and "lactescent." This division was to some extent arbitrary, many of the "clear" group showing the faint opalescence common in normal serum. The category "lactescent" was reserved for those sera having a definite cloudiness.
The lipid values for the clear sera are given in Table I and those for the lactescent sera in Table II , with the exception of those diabetics whose serum changed from lactescent to clear while they were under observation. These are listed in Table III The clear sera were found in patients with diabetes, liver diseases, obstructive jaundice, xanthomatosis of the hypercholesterolemic type, and hypothyroidism. The chemical findings, shown in Table I , were notable in that the neutral fat was in many instances within the normal range of 0 to 6 mEq. per liter (4) and never greater than 15.2 mEq. per liter. The cholesterols and with one exception the phospholipids were elevated, according to standards established in this laboratory (4) .
In keeping with the clear appearance of these sera was the almost negligible quantity of insoluble lipid, most of which was neutral fat. Two and one-half mEq. of insoluble neutral fat fatty acids per liter was the greatest concentration that was present without distinctly clouding the serum.
The lipid values of the lactescent sera are given in Tables II and III . The conditions represented in this group were essential hyperlipemia, acute pancreatitis, hyperlipemia secondary to nephrosis as unesterified or free fatty acids, the presence of which has been reported after heparin administration (5-7), remains as another source of error, but preliminary studies have revealed that free fatty acids do not occur to an appreciable extent in normal serum, in post-prandial lipemia, in lactescent serum, or in chyle.
or diabetic acidosis, and in one instance (No. 12) chronic alcoholism, the lactescence being noted after an alcoholic bout, and disappearing when alcohol was withdrawn.
While all lipid elements were elevated in the lactescent sera, the neutral fat differentiated this group most strikingly from the group with clear sera. When the neutral fat of the original serum was below 14 mEq. per liter, the serum was clear, with the exception of that of No. 22 (Table III) (4) in all of the clear sera in which it was determined except those from patients having definite evidence of liver or biliary disease. In contrast to this, it was common to find 40 to 48 per cent of the cholesterol in the free form in both the soluble and insoluble fractions of the lactescent group, although the patients from whom these sera were obtained had little evidence of liver disease, the common cause for such elevated ratios.
Protein, total fatty acids, and cholesterol of the washed "cream" layer were determined in two of the sera (Table IV) the soluble form is an early step in its metabolism. If there were a block in the removal of soluble neutral fat, the entry of insoluble neutral fat into the soluble fraction could progress only until the limitation noted above was exceeded, after which insoluble neutral fat, denied its normal route of egress, would accumulate, with resultant lactescence. Such a scheme fits well with the data shown in Figure 1 .
The presence of cholesterol and phospholipid as well as neutral fat in the "cream" layer may indicate that these substances are dissolved in the neutral fat particles and thereby denied access to the soluble fraction. This would explain the low or normal values of cholesterol and phospholipid in the soluble form, despite their presence in large amounts in the "cream" of lactescent sera (Tables  II and III) . In Figure 2 both the total concentration of cholesterol and phospholipid, and the relative proportions of each which were in the insoluble fraction, are plotted against the total neutral fat. Not only did cholesterol and phospholipid increase as neutral fat increased, but the relative proportions of each which were found in the insoluble fraction also increased, forming an asymptotic curve when plotted against total neutral fat.
Such a curve could be explained if the insoluble neutral fat were considered the second phase of a two phase system, serum: neutral fat. Any raw cholesterol (or phospholipid) introduced into such a system would then distribute itself between the two phases according to its solubility in each phase. The ratio of the concentration of cholesterol (or phospholipid) in the neutral fat phase to its concentration in the serum phase would be a constant, the distribution coefficient, such as that described by Bischoff, Stauffer, Gray, and Katherman (8, 9) for steroid hormones. Such a two phase system, in which the serum phase was of a rather constant quantity in all sera while the size of the neutral fat phase increased with increasing lactescence, would account for the appearance of increasingly greater proportions of cholesterol and phospholipid in the insoluble fraction as neutral fat rose (Figure 2 ). This does not indicate that cholesterol and phospholipid have exceeded their solubility in serum, but merely that they are more soluble in neutral fat.
By assuming such a two phase system, the distribution coefficient for cholesterol between the neutral fat and the serum phase was calculated for each serum in the following way:
A. Concentration of cholesterol in neutral fat phase = concentration of insoluble cholesterol in mg. per 100 gm. insoluble neutral fat. Similar calculations were carried out for phospholipid. The coefficients for all the sera, both clear and lactescent, are plotted against the total neutral fat in Figure 3 . There was great variability at low concentrations where the quantities of insoluble lipid were minute and therefore could not be measured with accuracy, but in those sera having a high neutral fat, the distribution coefficient for cholesterol between insoluble neutral fat and serum was quite constantly about 80, and that of phospholipid about 50. This suggests that the distribution of cholesterol and phospholipid between the soluble and insoluble fractions depends to some extent on their relative solubility in neutral fat and serum. (11, 12) . Although the cholesterol and phospholipid content of these lipoproteins has been determined (11) (12) (13) (14) , little is known of their neutral fat content. Turner and his co-workers (15) (Table IV) . Van Eck, Peters, and Man (2) were able to wash the insoluble lipid of postprandial hyperlipemia free of protein. In the chemical method of fractionating lipoproteins (11), a yellow scum obtained after centrifugation is discarded, but the authors state that it probably contains free lipid. Lindgren, Elliott, and Gofman (16) state that the lipid material accumulating at the top of native serum spun for 24 hours at 104,000 g., which included by their classification the Sf 17 and higher particles, contained little or no protein, the quantities found being too small for accurate chemical analysis. Chylomicrons, which could be removed at 9500 g. in 10 minutes, contained nothing but neutral fat and one per cent cholesterol (16) . The particles removed by the relatively mild centrifugation of the present study probably included only the larger particles of the Sf 40 class and greater, of minimal protein content. Particles of the Sf 10 to 20 group, which are said to scatter light (17), were probably not affected by the centrifugation, but their presence in the subnatant fraction in more than very small quantities is unlikely judging from the clarity of the "bottom" layer.
Kunkel and Slater (14) , using a starch medium for the electrophoretic study of serum lipoproteins, demonstrated that the high neutral fat material of lipemic serum had a mobility similar to ft lipoprotein. However, for technical reasons these authors were unable to measure neutral fat in the starch medium. Assuming that migration of neutral fat did occur, such a phenomenon could be explained as a loose affinity between globulin and free lipid particles, and does not offer proof that the lipids of such particles are in chemical union with protein. The evidence from the present and other studies favors the conclusion that the particulate lipids which cause lactescence are almost if not completely protein free and have the chemical and physical characteristics of free lipid rather than protein, while the lipids in solution are lipoproteins and owe their solubility to their combination with protein. The limited amount of protein available for lipoprotein formation may well be the critical factor imposing a limit to the concentration of neutral fat in the soluble fraction. Robinson and French (5) demonstrated that the amount of serum albumin present determined the degree of clearing that could be achieved by adding serum from a heparinized rat to chyle. Thoracic duct chyle which in many respects resembles lactescent serum (18, 19) also contains both soluble neutral fat and protein, but in concentrations about half as great as those in lactescent serum. Although the protein fractions of the lactescent sera were determined in only a few instances of the present study it is unlikely that albumin alone dictates the level of (20, 21) or (20) . The increased ratio of phosph total cholesterol in Ahrens' and KunI patients with biliary cirrhosis is probabl an indication of the increased ratio of free to total cholesterol in these patients. If the ratios of free to total cholesterol were normal one would exx pect the phospholipid to total cholesterol ratios also to be normal and of no value in distinguishing x x between clear and lactescent sera. This was borne out in the present study where there were many sera with normal ratios of free to total cholesterol. The relationship of lipid phosphorus to total cholesterol was similar in both the clear and lactescent sera except for three points which showed a marked deviation above the rest, and represent the only sera with extreme elevations of the 1400 16 ratio of free to total cholesterol ( Figure 4 ). In Figure 5 
